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1. INTRODU CTION

The Naval Environmenta l Prediction Research Facility (NE PRF) has
collected a data base of upper—a ir soundings recorded by radar picket ships
off the west coast of the United States: the data base relates to the period
October 1956 through June 1965 , and to the area 29 ° —5 1~ N , 120 ° — 140 ° w.
Under the term s of Contract No . N0 0228-76—C—3 139 ,  this data base was to
be used to develop a synoptic climatology of tropospheric refractive
conditions for that area , and to establish a more genera l capability for
assessing refractive structures from synoptic patterns .

Technical Report No. TR 2-77 (MU) dated April 1977 ~ 1] presents
the monthly climetologies of refractive conditions developed in accordance
with Task One of the contract , together with measures of the persistence
and transition probabil ities developed in accordanc e with Task Two . The
development of the capability for assessing refra ctive structures from
typical synoptic pattern s , addressed by Task Three of the contract , is the
subj ect of this Technical Report .

Sections 2 and 3 provIde a brief account of the data bases of refractive
structure and synoptic patterns available for this study . Section 4 describes
in outline the techniques utilized for matching patterns and includes a
demonstration of the effectiveness of the system even when applied to
small—scale synoptic disturbances. Section 5 presents the results of
utilizing this synoptic—pattern matching capability in conj unction with the
data bases in order to select synoptic situations having a high probability
of trapping . No such “typical” situations could be found and it is conc luded
that the space and time resolutions provided by the two data bases——pa rticularly
that of refractiv e structure—-are insufficient to allow any relationship to be
established even though the capability for doing so now exists. An alternative
approach was there fore made , establishing statistical relat Ionship s between

t.
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refractive structure and synoptic parameters such as contour height and wind
speed and direction. The results obtained are given in Section 6 and it is
concluded that such techniques are capable of providing operationally
significant information and are worthy of further study.

I
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2. THE DATA BASE OF REFRACTIVE CONDIT IONS

2. 1 Introduction

Technical Report No. TR 2-77 (Mu ) discusses in detail the data base
of upper-air soundings available for Tasks 1, 2 and 3. A brief review of - •

this data base is given in Section 2.2  below . Similarly , Section 2 .3  briefly
recount s the technique developed during the performance of Tasks 1 arid 2
for the classification of refra ctive profiles by continuous parameters .

2 .2  The Data Base of Upp er—Air Soundings

After the elimination of duplicates and demonstratably erroneous
reports , there remained 6922 upper— air soundings recorded by radar picket
ships during the period October 1956 through June 1965 within the area
29 ° -51° N , 120 ° -140°w. The geographical distribution of these soundings
is shown in Fig. 1. In order to detect latitudina l variations of refraction
conditions (a requirement of Tasks 1 and 2 ) ,  the profiles in the data base
were separated into latitude zones. The demarcation latitudes selected

0 0 0• (29.0 N , 34.5 N , 37 .5 N , 41.0 N) are shown on Fig . 1; the number of
profIles recorded In each latitude zone is given along the ordinate.

2.3 The Classification o~ Refractive Profiles by Continuous Parameters

t . 
Parameter S has been designed to be a measure of the strength of

surface ductirt; , or , if no surface duct exists, to be a measure of the
proximity to surface ducting .

The definition of parameter S is

1~~ 1 /
S ‘ ~~~~ - v ) , provided v > v ( 1)c H~ r ,i r ,o r ,i r,o

—3—
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where v is the surface value of the modi fAed speed prof i le,  v , and vr,o r
is the maximum va lue in the profile above the surface. H~ is a specified
scaling he~qht . The extension of the defInition in :he base of no surface
duct. i .e. , If Vr o  is the maximum speed in the profile , is given by

~ .LQ.~ ( V~~ 
~ 

- V
r~ ~ 

) max 
where V < V

r , o (2)

and H1 is the height of level :. This extension gives a measure of the
proximity of the profile to a surface duct situation. This negat ive extension
of S is not necessarily related to the bottom layer define d by the first

reported level (1 1) above the surface; the maximum may occur for 1 2
or higher.

The tota l tropospheric ductin g parameter D is similar to S except
that it need not be surface based :

7 /
D ‘ ~~~~~ — I v - V 1 , provided v - > v and .1 > I . (3)c \ r , j  r~ i/  r ,j  r , imax

For no ducting:

7 v - v
D 

— 

max 
where Vr j  < “r , i

Table 1 shows the relationships between variou s measures of
refra ctivity , Including the S and D parameters , together with the terminology
used for referring to discrete categories of refractive cond itions .

~ 
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Table 1

Relationship between values of the S a rid D parameters
and other standard measures of refractivity

Vertical Trapping/Ducting Super-Refra ction Sub-
Derivative/ Strong Moderate Weak Strong Weak Normal Re—
Parameter (DS) (DM) (DW) (SS) (SW) fraction

S 0. 79..—ø-0.40.4--ø. 0 .~—ø. — 0.4 0 .+ . .—0.79 4

_ _  

I 
_ _ _ _D • 0.79 ..—,-0.40 ..ø—ø 0 .*-..‘- —0 .40 .*..—0.79 4

7dvIL ,- 0 - _____

c dH

7IL. ~L 
~~

- 1.57 - ~ ~~- 0.79.4-ø~ 0c dH

I P — 1 . 5 7 4  •— 0 .79 a-ø. 0 ~dH

p 0 * ~~
- 0 .79~~-~ 1.57 4 ~-

• dH

L _ _
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The S and ‘ parameters , calculated .r. ~o rdance ~~~~~~~~~ E q s .  ~l)
:hrouçh 4’ . are a measur e of th e most oos e :ea~: ne;a::v e \ ues .
a consequence no valu es of S and ~ co~~espond~~~ I0 sub -r e a~-:xe

cord~t :or.s were ever observed .

Every pr o fi l e  provides a va ue for S and a value for . Because
~ 15 determ ined fro m the whole pr~ fi i e , whereas S is only app i~:a5le to
the surface, the values of S a rid ~ will coincide :f th e base of the mo st
pcs~::ve ’ least negative layer is a: the earth ’ s surface . However, ~f thi s
layer I s  a lof t , then the profile w:U give di f fere nt values for S and ~~~~~.

2 . 4  The ~e:a Base of S an d ~ Values

Values of the S and D parameters were calculated for each of the
6 9 2  profil es ~n the data base of upper —air soundings. ThIs der:ved data
base of S and ~ parameters has been used in the performance of al l  three
Tasks of the current proyect .

Investigation of the relationships between refr active str ~c:ure ~as
measured by S and ~ and the synoptic pa ttern s prevailing a: the time the

profile was recorded required , of course , a correspondence between the
data base of profiles and the data base of s~~ optic analyses—-o nly those
profiles could be used for which the corresponding-in-time svnoo:ic
analysis was available . This requirement reduced the number of usable
profiles (f or oerta~n aspects of Task 3~ fro m 692 2 to about 4 3 2 C .

Figures 2 and 3 show values of the S an~ ~ parameters in each of
the 5 latitude zones for two years selected fro m the total per iod (‘october 1956
t o June 1963); only those values are given for which corresp onding s nopt~c

analyses are available . Figure 2 ( 1960 ) shows the ‘best ” year of data
coverage , whereas F~;. 3 ( 1963) shows a “ typical”  year. The obvious
limitations of the available data base are discussed in the Sections for wh~ch
these limitations are significant .

- - --
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3. rH E DATA 3ASE OF SYNOPTIC ANALYSES

3 .1 ~~~~~~~~~~~~~~~~ Spectra Dec omp ositLon s

rwo of th e fundamenta l  concepts in th e in t er p r et3t icn of metec rolc c~~alfIelds are those of pattern and scale . :n 1963 , Mu d eveloped an obj ect:ve
technique [2 for separating any geophys ical field into recognizable patterns ,or features , evident in the field , so that their relative ccntr ibutj cns t o thetotal can be quan titat ively rep res ented .

Using the 500-mb field (HT ) as an example , this may be decomposedInto additive component ranges-cf-scale expressed l~ - :

liT 3D SR

= SD ~ SL -
~ SV

where SD is the Disturbance r3ng e—c f-sc~ J~ component ,
SR is the Residual range—of-scale component ,
SL is the Long-wave range— of ~scaj~ component ,
SV is the Planetary- Vortex

By definition , SR = SI. ~ SV.

1

The concepts of sca le—and -p attern spectra and deccmpc s 1t~~n have
many app lications to environmental studies , ana lyses and forecasts; these
concepts have been used in this proj ect .

— 1 0—
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3 .2  The AvaIlable Data Base of Synoptic Analy ses

The available archived records cons ist of six component fields for
the whole of the Northern Hemisphere for each date—tIm e group . These
are the three component—r ange—o f—scale (SV , SL and SD) fields for the
500- mb and 1000—mb height fields. A.rx additiona l three thickness fields ,
one for each scale component , are produced from the 500-mb and 1000—mb
isobaric fields as differences. Each of these nine fields is expressed by
a 63x63 arra y of grid—point values. (Part of this array is shown in Fig . 4 ,
page 15.) The 30 years of available history of once daily and twice daily
coverage Is summarized as follows :

TAN 1946 — MAR 1955 once daily (12Z)

APR 1955 - MAR 1960 twice daily (OOZ arid 12Z)

APR 1960 — DEC 1964 once daily (12z)

JAN 1965 — DEC 1973 twice daily (OOZ arid 1.2Z)

Matching the date-time groups of the recorded upper-air soundings
(Section 2 .2 )  with those of the archived fields produced the 4320 cases
(Section 2 .4) for which both S and D values ~~~~~~~~~ analyses were available .

— 11— 
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4. THE RAPID ANALOGUE SELECTION SYSTEM

4.1  Introdu ction

In run e l9~ 6 Mu was awarded Contract Xc. Ni 223- ~~ -C-3 189 to

continue with the development of a Rap id Analogue Selection System ~RAS S)
on beha lf of NEPR F . This development is the subj ect of a separate report r 3
and so -only a brief outline of the pertinent features will  be presented here ,
together with those modifIcations made to RASS for application to Task 3 of
thi s project .

4 . 2  3asic Concepts of RASS

Analogue selection is based on an ability to recognize significant
• de grees of similarity between an event selected from recorded meteorol ogical

hi story and all the other recorded events. The selected event is referred to
as the “baseday ” . ~For forecasting purposes the baseday is ,  of course, the
current synoptic pattern . However any synoptic pattern from the recorded
hi story may be chosen as baseday .~

Having chosen the baseday, a comparIson ~s then made , one at a
time , wtth afi other recorded syr.cptic events and a score assigned to each
“ analogu e candIdate ’ . Those events similar  (in meteoro logical ly— slgni ficant
pattern characteri stics ) to the baseday achieve a ~icher score than events
which are d:ssim llar . Thus the score , or “ match coefficient ” , is a measure
of the degree of similarity . Those analogue candidates reachin g an acceptable
level of similar ity are recognized as “ analogues ” of the ba seday .

The Mfl Rapid Ana logue Selection Sy stem is based on a bit coding
of all recorded synopt ic events expressed In terms c-f their n ine component

— 1 2 —
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fields’——the 3 ranges—of—scale (SV , SL , SD) for the 500—mb arid 1000-mb
levels , arid the 500—1000—mb thickness for each range—of-scale. The bit
coding methodology developed takes Into account the var t at :ons In

resolution required by the three different scales of atmosph erIc disturbance .
Each synoptic event is represented by a bit strIng arid , by comparing the
bit string for a baseday with that for any analogue candidate , a count of
the number of matching bits provides an absolute measure of the degree c-f
similarity between the two synopt ic events . ‘the comparison Is made in
stages and an analogue candidate which fails to maintain a predetermined
rate of scoring is automatically rejected at that stage . This screening
process markedly reduces the time required to search the 30 years of
available history for the top—scoring ana logues. In additIon weight factors
can be appl ied to the actual score at each stage . These weights can ~e
adj usted (tuned) to emphasize any desired feature or combination of feature s
(i .e . ,  range—of—sca le , level , thickness , resolution ) of the syno ptic situations
being compared .

Analogue selection based on the total hemisphere can only be usefu l
in the broadest term s because of the great variability in synopt ic patterns
occurring simultaneously over the hemisphere . Experience has shown that ,
on the synoptic scale , the range of variabilities is so great that the available
data base of meteorologica l history (30 years) Is insufficient to provide
analogues unless the selection criterIa are mad e so coarse that synopt ic-scale
disturbances play little part in determining analogue selection. To choose
analogues for synopt ic—scale disturbances the analogue selection system
must have the ability to “ focus ” on a specified region , making no attempt to

match irrelevant external events . This capability is a feature of RASS arid has

1See Sections 3.1 and 3 .2 .

— 1 3 —
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Seen tested and evaluated by application to the Greater Mediterranean
region E 3

The regiona l focus capability of RASS is accomplish ed by div :ding
the 63x63 elements of the hemisphe rIc a rray into modules. Thus,  for
exam ple , to represent the SD range —of—scale at full  resolutIon , the
hemispheric arra y IS divided into non—overlapping modules of 4x4 elements .
To represent the SL range—of-scale modules of 8x8 are used , and the SV
range—of -scale utilizes modules of 12x 12. To focus on a geographical
region the appropriate SD, SL and SV modules covering that region are
chosen. (Note that modules from ~iffer ent ranges-of-sca le do overlap,
thus prov iding SD, SL and SV coverage for the region.)

4 .3  Constru ction of the RASS Data Base for Zones 1-5

To cover the area of interest (Zones 1-5 as shown on Fig . 1) ori ly
one module for each of the three ranges-of-scale was required . The selected
modules are shown in Fig . 4 , together with the approximate locations of the
radar picket ships .

During the course of RASS development the available 30-year history
of synoptic analyses for the Northern Hemisphere was converted to the
bit—string representation outlIned in Section 4 . 2 .  This RASS data base was
used to construct a data subset covering the period October 1956—Tune 1965
for the three modules shown on Fig. 4. This data subset was , c-f course,
in the RASS bit-str ing fo rmat .

allows three degrees of resolution for each of the three
ranges—of-scale , this being accomplished by combining basic full-resolution
modules .

—14—
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Once this data subset had been constructed , the capability then
ex.isted , us ing P-ASS , to compare and score any two synoptic patterns
affecting Zones 1— 5 . Assessing the effectiveness of th is capabilIty , a
necessar , pr ere qui sLte to its use ~n linking synoptic patterns and refra ct iv e
conditions , is described in Section 4 .4 .

4 .4  Assessment of thp RASS Capability to Compare a rid Score Synoptic
Patterns

Prev ious experience with P-ASS has Seen confined to analogue selection
based on comparatively large regions 3 requiring several modules for the
adequate representation of the various scales of atmospheric disturbance.
As can be seen from Fig . 4 , only one module for each rang e—of-sca le is
required to cover the area of Interest and its was decided therefore , before
proceed ing further , to test and assess the effectiveness of P-ASS when using
the very small region of focus demanded by this proj ect.

When matching the nine component field s of a chosen baseday
situation against the corresponding nine component fields of an analogue
cand idate , in general the smaller the scale of atmospheric disturbances
represented by a partIcular component fie ld the more “diffi cult ” it i s to find
a good match . The reason for this , of course , is th at for a fL~ed area , the
range of variabilities that can be encom passed by the area depend s inversely
on the characteristic wavelength of the atmospheric disturbances involved .
Thus the most difficult test of the effectiveness c-f any analogue selection

system Is to base it on the 1000-mb SD scale of atmospheric disturbance.

As explained In Section 4.2, P-ASS scoring and ranking is based on a
count of the matching bits between the bit string representing the beseday

3The smallest region of focus studied in any detail prior to this
project is the Greater Mediterrariear. 3]
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situation a rid the bit string representing the ana logue candidate. This count
provides an absolute measure of the degree of pattern s~m 1larity between the
two s Ituations . In genera l it is more convenient to use the “ match coefficient ”

— which expresses the number of mat ching b~t s as a fra ction of the total number
of bits used to represent each s~tuation . Thus a match cceff ~c~ent c-i 1.00
Implies a “ perfect ” match .

Figure 5 shows part cf the full hemispheric analysis of the SD 1000
field for 12Z on 6 September 1960. The region of focus used in ana logue
selection is outlined , corresponding to the s ingle SD mcdule shown on
Fig . 4. Using this analysis as baseday and basing the scores of ana logue
cand idates entirely on the degree of SD pattern s imilar~ty within this s ingle
module , the PASS data base of synoptic s ituations was searched for the best
match . This was found to be the OOZ analysis of 5 August 1958 , shown in
Fig . 6 , with a match coefficient of 0.95. Other selections were made with
match coefficIents of 0.92 and 0.87; these are shown in Figs . 7 and 9
respect ively. Note the (visual) dependence of pattern similarity on the match
coefficient arid the effectiveness of the focusing capabili ty-—no attempt is

made by the system to match patterns outside the selected area . FIgure 9
shows an analysis with a match coefficient of 0 .60 , this chart being selected
to demonstrate the effect of a “ poor ” match . Although pressure remains
relatively high to the north , note the effect on the orientation of pressur e
gradient . A match coefficient tending toward zero would , c-i course, show
re latively high pressure to the south.

It is concluded that P-ASS , as modified for this part icular projec t , is an
extremely effective tool for selecting matching pattern s on event the SD scale

of atmospheric disturbance . How this capability was utiliced and linked to

the data base of refractive conditions is described in Sect~on 5.

L. 
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5. THE DEPENDENCE OF REFRACTIV E STRUCTURE ON THE PR~~’A1UNG
SYN OPTIC SITUATION

5. 1 In troduction

By this stage in the performance of the overall proj ect we had:

a. Prepared a data base of refractive conditions in the form of
S and D parameters ;

b. Modifi ed the Rapid Ana logue Selection System to use the
appropri ate region of focus;

c. Prepared a data base of synoptic situations in the P-ASS bit-
coded format for the region of focus;

d. Demonstrated the ability of PASS to select from the data base
those synoptic patterns most closely resembling those of a
chosen baseday. -

Given these preparations it then became poss ible to investigate
whether or not a significant relationship exists between a particular type
of synoptic situation and the associated refractive structure .

-

. 
For reference purposes it Is convenient to postulate an idealized

approach , thus:

a. Select a particular refra ctive structure——for example , an
unusually high value of D ;

b. Using the concurrent synoptic situation as baseday, utilize
the regionalized capabilities of BASS to score and rank the
other situations in the data base ;

c. Compare the refra ctive structures of the ana logue candidates
with the refractive structure of the baseday to determine

signi ficant facets of s imilarity . (Thus , for example , if th e

— 2 3 —

- -- --5—--. 5..—- ~~~~~~~~~~~~ - ‘ .A_N~~~~I”



refractive profiles associated with the hi gher— sc~ r~nc s i tua t io ns
were to exhibit values of the D parameter which , like the
baseday, also were unusual ly high , then the baseday syncpt :c-
situation would defin e a “ synoptic type ” , the occurrence c- f
whi ch could be associated with a high probability of trappln c .~

The difficulty in this approach became apparent when attempts were
made to select basedays having pronounced trapping c-ri the scale of the
available synoptic patterns . Inspection of Figs . 2 and 3 shcws that the
variability of the refractiv e conditions is of a smaller scale in space and
time . It became inevitable that the above ideal approach would have to

give way to more—statistical treatments .

5 ,2 $y~opt1c Types and Refractive Structure

Represent ing a synoptic situation by the gridded fields of three basic
parameters ——the 1000—mb height , 500-mb height and 500-1000— mb thickness--
conceals , of course ,- much of the variability associated with that particular
state—of-the—atmosphere . Nevertheless it is generally accepted that such a
representation enables a synoptic situation to be meaningfully defined for
the purposes of meteorologica l forecasting . BASS uses the component fields
(SV , SL, SD) of each of these three basic parameters to represent the
synoptic situation in a bit—coded format . The bit code is produced by
considering certain ranges of values of the component fields , and , in this
process, some of the variability present in the field of the basic parameters
is also lost.

However , in spite of this loss of represented variability in passing
from an actual synoptic s ituation to its full-resolution bit-coded format ,
no two synoptic situations have ever been found which have a matching
coefficient close to 1 . 0 for all nine component fields - Thus based on

— 24—
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evidence to date , ALL synoptic situations are unique , even after part of
the atmospheric variability has been discarded by the processes described
above.

A “ syn optic type ” may be regarded as a synoptic situation which ,
within acceptable limits of similarity, occurs with some regularity. In
the past , synoptic types have been determined qualitatively by visual
inspection of large numbers of synoptic charts with the objective of
discovering , for example , syn optic patterns which regularly affect an
area of interest and which can be associated with a particular type of
weather phenomena . 1 (In effect , of course, the attempt to establish
synoptic types is an analogue approach to weather forecasting. ) Usually
the selection of synoptic types Is based on one level in the atmosphere ,
sea—level pressure bein g the most common choice , although some
classifications attempt to take a broad-brush account of an upp er—level
flow such as that at 500mb . Weather typing methodologies of a
descriptive/qualitat ive nature suffer from a maj or defect--they have to
be so broadscale that they fail to encompass the meteorologically
significant facets of the situation .

It has long been known that ductin g Is more likely to occur in certain
broadscale synoptic situations than in others . For example , ducting is
frequently associated with a subsidence invers ion in a warm high—pre ssure
area , and an exa m p le of this s ituation is the Pacific anticyclone that normally
covers the oceanic region shown in Fig . 1.

Although trade inversion characteristics vary greatly in space and
time [5 ]  , in general the atmos pher ic circula tion is such tha t the subs idence

good example of weather typ ing Is provided by Weather in the
Mediterranean ~4 ] .
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ef fe:~s are most m ar- e d  the eastern re;.cn the yc .c-ne , ~~~~~::n:
a o-~; ~ ie-s o-’ -a~ _s..a as a azc~~ — ac-c- e sea a a

~‘~T~~eS ::, ~ and 2 are tar - e n  fr :m a de:a~~e± the . ers .c n ::ar

eas e o p a:. C~ca~ c-~ e.c- .-oe- e a ~~c--...-e --
average he.. ;nt of the .rt .’ers.or. :ase summer m :nths , snows :-a: :ne
h eigh t ~r genera . tncreases toward the no -th and t o the west. F~;ure :1
shows a cro ss-sec r. c-f mean temperature be ween San Franc~s:o and
Honolulu ; note the decrease of Inversion ~r .tensity and the increase of
Inversion heig ht t owa rd the west . Fl~~re 12 show s the percentage of
observat~cns ~a-.ra~~a d e  to ~ e~bu r;er ’ with no :nvers .ons dur:n; the mc~ths
‘ur. e—September .

The great va ad~1~:y in space and time of ~nvers~c-n :harac:erts:ics
(and the concomitant variab ility of duct ing occurrences) takes place with:n
the fra m ework of the synopti c type that affects most of the region of interest

— for most of the t ime-—i.e . ,  the Pacific anticyciorie . As ar. example of the
variability of the D parameter than can occur within apparently similar
synoptic situations , Figs . 13 through 16 show the 1000—mb and 500—m b
charts for 12Z 26 IAN 65 and OOZ 27 TAN 65. Shown on these charts are the
locations and values of the D parameters obtained concurrently w ith these
charts . In all cases the picket ship s are located near the center of an
anticyclone at 1000-mb under a 500-mb ridge . Note that the more southerly
D value has changed from -0 .46 to +0 .43 in 12 hours ( i .e . ,  from weak
super-refraction to moderate ducting) while the charts for OOZ 27 JAN 65
show +0 .43 for the southerly ship and —0.83 for the ship about 250 miles
to the north . Similar variabilities were found within other situations and
sequences • No reasons based on visually—determined differences between
these chart s can be established and supported for explaining the observed -

variations of the D parameter .

— 26—

- -- _ ~~~~~~~~~~~~~~~~~~~ -.55-5- 



_ -_ _
5.~~5~~~~~~~~~~~~~~~ 5~~~~~~~~~~~~~~~~ 5~~~~~~ 5

I

—
S ~~ 5 S . - - 

- 

1~

~ 
- 

~ ~ I

I

t • - 
-(

- 4 ;

—27—

* 

- -~~~~~~~ — _~~~~~ ~~~~~~~-



•~~
—-. — -5

3Sn
- —.3U?

\ -\ J ’ ~ 
..~ ~ !~~~~ ~ j—_ ___ ______ _

i— ----1 —- - 
S

____

~~~~

__- -
I l / i’! !  / I I I ~:

/ 

1 1 1 ~I l l  I I I I II I I I u ~ C’,r i i j 
~i i : : —i~~I J I I I A~U I I I 1k,

- I
I I I / /

T /-
._

~~~~

_ 
~

_ _ _ _ _  

II
i~~~~L m ~—r I

Sd3~3,~. NI

—28—

IL —---5-- — . -- - 5- - -  -5---- - - -



‘1

I, 
r

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

C,,

~/ ~ 
- . ~., ~: _-_~~ r ~ ~~~~~~~~~~~~~~~~ ~ ..~—

-- ~~~~~~~~~ 
-

~ 

—
~:~ T’

~ -’ r ( -
~
-

_ •_ _ 5 ’ 5-c
. \ _— - / -~— ~.

- ‘. i 4. \ ‘2,

~~~ ‘. \ r~~.--’ -. --- -
- 1 \ \ -. 

~~
~ ~4 \ ~~--- -;

~~ \~/ \ ~ 
- -‘r 0

~L- -~~~\ r~
) ~~~ ,

/ (1 , \...._~~,‘ \
/ 1/ ~

~~~~ 
~~~~~~~~~~~ f ’ 

~~~~~ -
i 5-.! 

~~~ .2~ ~-.- s--- ~~~~ / - k ~~‘
- 

~~~~ 
S — a

- - S I 3— -~ ~~~ 
- 

,

ii
~ \/ f (  / \\ \ H
÷ ~~~~~~~ - -

~~~~
+ . I k \ \

v i
— ~~~~~~~~ - - -- . - -5-



— 5-- -~
, 5— —— -5. -— ~5— -- -

~~~~~~~~~~~~~~~~ ~~:~~~i’, 
F

,
/Ir’ 1 •_

\ 
‘5___• ...— .- —-.

~~

‘ 

~

- 
~~~~~~ 1~ 

- - 
~~ (

_ 

~~~~~~~,J
’/’~~~~ ; ‘-  •!L k ~ 

‘

1
- - 

‘ (~~‘-~~~~~ ~‘ J ’ i / i ’ ‘~~~~I — 
/ -—-—-‘a ~‘ J

~ 
I ~~~~~~ / 

1
’ 

—

-t LL~~~~ ~ ..- / /
1 

~ ~~~~~~~~~~~~~~~~~~~ 

‘\ —

— 

I. ,
‘ — - ; - 

~- - - - - ..‘: 1 
• - - •. 

- 
. •

S • t  

~ ((L...~
_ _”/ ~ 

t t ~-•4- ._ . _ 
~~~~~~~

~t j ••~ ••f.3g4~ ~~~i~~~~~~~~~~~~~~.fr ~/4i

*J~ ~~~~~~~~~~~~~~~(
‘ 

~~ øZ7

‘~ 

A 
/ 

—
. 

— 

n - . -“ 

“

5

“
~

‘
.. 

-
- -~~~~~~~~ ~ 

- ~~~~~~~~~~~ ~~~~~~ 
- 

- -

.
5

-

,fl’2 (4

(

Ii 

•. 
, 

.J .4

Figure 13. 1000 —mb Analysis for 12Z 26 January 1965 . Also shown are
locations and va lues of the D parameter derived from concurrent
radiosortd e reports .
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FIgure 14. 500—mb Analysis for 12Z 26 January 1965. Also shown are
locations and values of the D parameter derIved from concurrent
radiosond e reports.
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Figure 15. 1000—mb Ana lysis for OOZ 27 January 1965 . Also shown are
locations and values of the D parameter derived from concurrent
radiosond e reports .
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At full resolution , RASS identifies every synoptic situatIon as
unique . It does , however , provide a numerIcal measure (the matching
coefficient ) of the degree of pattern similarity between any two syncpti c
situation s . Two methods (or a combination of bcth) c-an be used to ~ rovj de

~~~~~~~~~~~~~~~~~~~ synoptic types:

a. Using full resolution and a chosen baseday, score all other
situations in the data base. Those analogu e candidates with
a matching coefficient exceeding a given value then define a
synoptic ~~~~ distributed around the baseday situation . If

— the baseday is an unusual s ituation then only a small number
of acceptable analogues will be found; if the baseday is a
common situatIon then a larger number of acceptable analogues
will be found .

b. A similar procedure may be followed using the reduced resolution
capabilities of P-ASS. In this case the matching coefficient
would be high for (slIghtly) dissimilar patterns .

In this project only method a. was used; it is not known whether or
not the two procedures would result in essentially the same set of acceptable
analogues .

it will be noted that every basedav defines a synoptic type , P-LASS
determ ining the number of s ituations fro m the total data base which fall
within the specified limits of pattern similarity determ ined by the chosen
acceptance/reje~~j on Level of the matching coefficient . To detect the most
frequently Occurring types would involve matching every situation against
every other situation. For the 4320 situations in the RASS data base
associated with this project , about 9 .3  x i~

6 matching calculations would
be required—— th is has not been attempted .
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Referring now to the idealized approach postulated in Sec-t:or ’. 5. 1 ,
the establishment of a synoptic type assoc iated with ducting was attempted .

The first baseday chosen was 12Z, S September 1960 1see Section 4 . 4 )  with
a 2 va ue of — 1 . 2 7 7  in Zone 1; the ~a:e and 2 Iaiue are marked with an
arrow on Fig . 2. his baseday was compared with all  other syr~c~ ttc
situations in eight years of the data base (January 1958 to 2ecember 1965)

using the regionalized capabilities of P-ASS applied to the 3D , SL and SV
modules shown In Fig. 4 . A sample of the results is given in FIgs . 17 and
18.

Figure 17 shows , for 1958 , the match coefficients for each of the
rUn e component fields. A TOTAL match coefficient is also given , this being
derived fro m all nine component fields using weighting factors of unity
throughout--i.e. , each component field contributes equally towards the
final score , no emphasis being placed on any particular synoptic featur e
or combination of features (see Section 4 . 2 ) .  Figure 18 shows a similar
sequence for 1960. For this sample of two years , two analyses per day
were available for the first 15 months , then one per day for the remaining ’
9 months (see Section 3.2 ) ;  the reduction in the frequency of analyses is
evident on Fig. 18. The “ perfect match ’ on Fig . 18 results from the baseday
being matched aga inst itself . Note that “ good” matches occur less frequently
the smaLLer the sca le of atmospheric disturbance. This is further illustrated
by Table 2 which shows , for each component field and for the total field , the
date—tim e group and matching coefficient ci the relevant tcp ten anaicgues.
The analogues for the SD scale of atmospheric disturbance were obtained by

matching the SD fields only (as in Section 4 .4) , the SL scale ana logues were
obtained by matching the SL field only , and so on.

Following the idealized approach , the next stage in determ ining if
the baseday type is associated with high D values is to compare the top

analogues given In Table 2 with the data base of S and D parameters ;
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Table 2

The top ten analogues for 122 6 September 1960 for
each component field and the tot al f ield . Yor each
selection the ~ate—t ~me or oup is o:ve r. f i rs t  ~v~ az~-mcnth-d ay -hcur~ fo1l ~ wed by the mat ch ing eff ~o:er .z .

Sv Sv Sv
~electicn 500 1000 5—10

1 60090612 1.00 60090612 1.00 60090612 1.00
2 60090512 0.98 65050500 1.00 58090300 1.00
3 59090812 0.98 58082900 0.98 59090200 1.00
4 60090712 0 .97 58082912 0 . 9 8  58083000 1. 30
5 65090100 0 . 97 62091912 0 . 9 8  60090412 1.30
6 60061512 0.97 59092612 0.98 59091100 1.00
7 5809 0100 0 .97 65090212 0 . 9 8 64090912 1.00
8 5909080 0 0 .9 W ’ 65090200 0.98 39090612 1.00
9 5809030 0 0 . 9 5  60090 512 0 .9 8  60090512 1.00

10 61 090812 0 .95 600913 12 0 .98 58090312 1.00

St 500 SL 1000 SL5 1 0
1 60090612 1.00 60090612 1.00 60090612 1.0
2 65072000 0.98 6l091~ 12 0 . 9 7  6O060~ 12 3. -9
3 5908 2212 0.9 8 63101812 0.95 620 7 0 312 0 . 9 5
4 5808 2 712 0 .9 8  59071 512 0 . 9 3  60080212 0 .9 5
S 64072212 0 .98 62082112 0 .93  65071212 0 .95
6 59082200 0.98 65070112 0 .93 50082 7 12 0 .95

58082800 0.98 630” 17 12 0 . 93  6008241 2 0 . 9 3
8 65081400 0 .9 7  63061912 0 .92  64 09 02 12 0 .93
9 63071212 Q~ 97 6007 23 12 0 . 9 2  640 7 311 2 0 . 9 3

10 60070812 0 .97  59082212 0 .9  5905 2312 3 .9 3

SD500 SD 1000 3D 5 1 0

1 60090612 1.00 60090612 1.00 6009061 2 1.00
2 6307 28 12 0.9 5 58080500 0.95 59040212 0.90
3 59071300 0.90 59092400 0.93 59071600 0.55
4 6 0062512 0.90 60031 800 0 . 92 54 083012 0 .53
5 65071400 0.90 58080412 3 .32 590.30 112 0 .55
6 5910151 2 0.88 58080512 0 . 92  63 0 8021 2 3 .55
7 65110212 0.88 62060612 0.92 59072500 0.~ 7
8 64061412 0.88 62122412 0,92 50051912 0.5

t 9 65071500 0.88 59120400 0.90 59341100 ‘•~~

10 58100600 0.88 39090 100 0 , 9 0  ~90~ 2412 3 .5

— 3 9—
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Table 2 (C~ontlnued )

Selection T~ta 1 F~e~d

1 600906 12 1.00
2 58090212 0.90
3 60090712 0 .88
4 60090 512 0 .87
5 65082900 0.87
6 62082112 0 .87
7 58090300 0.87
8 60082012 0.87
9 58090112 0.37

10 60081 9 12 0 . 3 6

-
~~~ 

— 3 9—
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a sample of this data base is provid ed by Figs. 2 and 3. An immediate
conclusion Is that the sparseness of the data In space and time , accentuated
by the naturally occurring h igh degree of variability of duct ing conditions in
space and time , is such as to make this direct appr cach ineffec :~ve .

Accordingly a statistica l approach was adopted making use of
scatt ergrams. Figure 19 shows , for the same baseday situatio n (1ZZ,
6 September 1960) , a plot of match coefficient against D—p ar ameter for the
three 1000—mb component fields. FIgures 20 and 21 show the 500-mb and
5—10 thickness component fields respectively . To construct each scattergra m
the ba seday situation was matched against every s~~opt1c situatIon in the
data base; all concurrent values of D were then plotted -o tt the scattergram
against the obtained value of match coefficient .

The location of this particular baseday on the scattergra rn is given ,
of course , by the coordinates D = 1.277 , match coefficient 1.00. ~~
this were a commonly occurring type— —I.e . ,  a synoptic type associated with
a high value of D—— the n there would be a concentration of plotted points
around the baseday location. In fact the degree of pattern similarity for any
of the nine component fields appears to bear no relationship to the value of
the D parameter .

If the baseday situation were an unusaul event (a po ssibility given
— 

credence by the tropical storm seen to the south on Fig . 5, and by the
reasonable supposition that ~~~ high value of D Is a rare event) then the
failure to identify the selected baseday as a type associated with tr apping
would be explained . To cover this possibility similar scattergrams were

2Although the technique could not be app lied in thi s pa rticular proj ect
due to data base limitations , it neverthe less is a valuable tool having
applicability to other investigations requiring the establishment of synoptic
types .
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prepared for 12Z 9 August 1960 with a D value in Zone 1 of 0 . 1 2 5 .  rhese
are shown in Figs . 2 2 — 2 4 .  Again ,  no concentratt on of plotted point s occurs
around the baseday location of D = 3 . 125 , match coefficient = 1.00 , for
any of the component f i e l ds .  Severa l other repe:i::ons wtth other oased3 s
gave similar results.

5.3 Discussion of Results

As previously discussed (Section 5 . 2 )  certaIn broadscaie synoptic
situations are more likely to be associated with trapping than other
s ituations-—the eastern side ci the Pacific anticyclone being a broadscale
situation assoc iated with a tendency toward trapping . For such s ItuatIons
certain qualitativ e relationships have been established , leading to forecasting
“ rules of thumb ” such as “ tr apping should be expected when there are clear
skies , little wi nd and high barometric conditions ” .

In a broadscale synoptic situation in which trapping occurs with some
regularity, it seems reasonable to assume that one or more synoptic sub—types
exist , falling within the broadscale typ ing , whi ch are assoc iated with a
stronger tendency toward trapping than the mean. In the performan ce of this
proj ect it was hoped that RASS would enable these sub-types to be found
and quantitatively associated with trapping probabi l i t i es .  As demonstrated
in Section 4.4, RASS undoubtedly has the ability to select s imilar  patterns
from the data base on even the SD range—cf-scale. ~cwever , based or. the
results presented in Section 5 . 2 , it must be concluded that  no such syn cpt :c
sub—types have been established . It is considered :hat the space and t im e
resolution capabilities required to capture and repr esent the natural ly
occurring variabilities of refractiv o structure on even the synopt ic scale are
not provided by either the data base of synoptic ana lyses ~one :r two ana lys es
per day) or , mor e Importantly , by the data base ci r ef r ac t ive  p r o f i l e s  ~n
general , one or two pro files per day for the area shown on 71;. I ) .
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The requir ements of Task 3 of this proje ct are essentially concerned
with the development of a capabil~~ to assess refractive structures from
synopuc patt erns ~n prcb ab t l i s t ~c t erms .  is consider ed th at , with th e
demon str ated ~~~~~~~~~~~~ of R~.SS app i:ed to the re;:or. of :n:a09s: and -v~:h
the deve lopment of the var:cus s:attst:cal t echn~c- es discu ssed Sec:::n 5 ,
such a capabili~~ has been established and is ava~1ab1e fcr f u tu r e  use .
However the data bases available at this time have not allowed a successfu l
demonstration of the effectiveness of this capabili ty.  An alternative approach
to the problem of relating refract ive structure to the concurrent synoptic
situation Is presented in Section 6.

.1
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6. TH E D E PEND ENCE OF ~EP~~ CT~~ E STRJCT~~RE ON OCNC~~~R:NT
SYN CPTIC PARA M ETERS

: :ntr oduct:on

:as:< 3 -of th is pro:ec: was concented with the deve~opmen:  of the
capability to assess refractive structure from syncpt ~c pattern s . Hcwever ,
although it is considered such a capabi l ity has been estab~~shed , data base
limitations have prevented its verification. These limitations are , in
essence , that the data bases are -only “ samplings ” of refractive structure
and the concurrent syncpt ic s:tuat ior. , and tha t th ese samp l ing s are toc
widely separated in space and t .me to a lcw any re at :on sh:p between the
two data bases to be e Stab li sh ed on even a s:a:~st:ca ’. bas i s .  The fact that
ducting does indeed depend on the broa dscale synoptic situat ~cn may be

illustrated by ccmpar:ng the percentage frequency of occurrence ci total
tropospheric duct ir .g ~n the var:cus zones delineated on Fig.  1--see
Thble 3.

Note the increase ~n percentage frecuency of occurrence of duct ing
in more southerly la:~tudes:  :h~s increase is r e l a ted , of cour se , to the
subsidence invers :or. wh ich is a feature of th~ ?ac if i o ant :cvc~cne .

—4 i? —



Table 3

Comparison of the percentage frequency of tota l
trocosoher ic du ct:ng ( i . e .  2 ~ 0) for the 5 :cne s
shown on F:;. 1 , Zone s — 3 ,  :ones 3 — 5 , a n d a l l

Zones cmbined

Number of Number of Percentage Frequency
Observations Observations of Occurrence

Zone in Zone with D ~ 0 of D ~ 0

1 964 590 61

2 1308 627 42

3 1383 376 27

4 2050 380 19

5 1017 129 13

1—3 3855 1593 41

3—5 4450 985 2 - 0

1—3 6922 2102 30

— 3 0 —
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t t  can a lso  be shown that  the  p robabi l i t y  of -5uct~nc h as p Cr s : st -3n0.?
in the synoptic t ime frame . For example Table 4 , based on Tab le 56 -of

~e f .  i i  ~~, prov: des the f o l l o w i n g  i n f o r m a t I on :

ab l~ 4

The 24—hour ly  persistence ci duct in ~ and
n on—duc tlng conditIons (based -on 12:

observations on ly )  for Zones 1~ 5 , Tu ly- September 
V

t nit~al conditions non—duct lng:  24 hours later  . . . 54% r .on-ducting
3 6 Y,  duct ing

init ia l conditions duct ing:  2 4 hours la ter  ~
55 ’~ duct:n~

(N ote that Table 4 does not i m p l y ,  for example , th at 65% o~ duct s p ersisted
for 24 hours . )

The fact that  such probab i l i st i c  tendencies in space and t ime cann ot
be interpreted In terms of synoptic sub—types  Is cons idered t o  be due t o

data base l imi ta t i ons . However , as evidenced by Tables  3 and 4 , sy ncpt: c-
scale space -a nd t im e tendencies undoubted lv e x i s t .  I n  order to -Sete rmine
the probabi l is t ic  r e l a t :on sh ip s  required by r a sk  3 ci th i s  proj ect , re1 at~o n sh :ps
between refractive structure and the concurrent 5vn opt Ic  pa r amete r s  ~~~
Section 6. 2~ h a ve Seen studied ; the  r e s u l t s  oi th e  stu dy  are -~ y~~ n Sect:-o :’. ‘ .

— .; 1—
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6 . 2 Methcd

Each p r o f : l e  in the data base (represented by v a lues  of th e ~ an d

~ ~ar3 met~ rs~ otav oe a s s o c i at e d  ‘.v :th  va l ue s of the  svncc t ~c ~a rar ’e:-: ’r3
w n:ch occurr ed at the s a m o  ~-o~r~t in space and t :me , thu s :

Pr of i le  P ar ameters  SynoptIc P aram eter s 1

SV height , 500mb and 1000mb

SL height , 500mb and 1000mb

SD height , 500mb and 1300mb
- 

- 
Wind speed , 500mb

D Wind speed , 000mb

Wind direct~cn , 500m b

Wind direct~cn , 1000mb

Values of S and 2 for a given profile were available fr om the data
base -of refractive cond1t~ons . Values of the syncpt :c parameters , :rt e rp clated
to the repo rted locat ion of the observing ship for that  p a r t i cU l a r  p r o f i l e ,  were
extracted fr om the FNW C 63x63 archived f i e l ds .

The relat ionships between the synoptic p aramete rs  -and th o se  repr eser .t in~o
the refractive profi les  were investigated us ing s ta t i st I ca l  teohn:que s ;  the
results  are given in SectIon 6. 3. tt should be noted that  on ly  ab out  S -of the
Pro t i l es  available showed surface t r a p p in g — - a n  unrea l~st i ca i ’: low :

~~~~~ :.e l mcst
cert ainly due to the f a i lu r e  of convent iona l :‘ a d 1 o s o n d e s  to  detect the  tna or::v

~Many other synoptic p ar ame ers could :nfl ’oenoe th e  v a l u e s  ot
2 . Those listed ~aere were used to es tab 1~sh meth oos  ~nd

— 5 2 —



of surface and low—level ~~cts . Therefore , in general , the statistIcs
associated with the S parameter are cons idered to be non-represer .tat ive
and are not shown .

6.3  ~~Suit s

6 .3 .1  Th e Dependence of Parameter 2 on Contour Height

Figures 25 through 30 2 show scattergrams for the D parameter against
contour height of the SD , SL and SV ranges-of-scale for 1000mb and 500mb.
Plotted point s are for all profile s In the data base for which synoptic analyses
were available; i . e . ,  all zones , all months .

Using Fig. 23 as an example , he ight value s are shown along the

abscissa and D values along the ordinate . The height is expressed tn term s

of an anomaly from a standard height , this anoma ly being measured in meters .
Both height and D values are divided Into ranges by dotted lines . Thus , for

example , there were 43 observations with height anomalies of -120 to -060
meters with D va lues between —1 .25 and — 1 . 0 0 .  As well as height ancmaly
values , the abscissa shows, for each height range, the tota l number -of
observations In that range together with the number in which trapp ir .g occurred
(i. e . ,  D ~ 0) .  Th us,  for the height anomaly range 000 to ~0G0 meters , there
were 903 occurrences of trapp ing out of a total population of 3016. The
(truncated ) percentage frequency f occurrence oi trapping is also sh cwn- — tn

this case 29 % (Each scatt ergram shows about 4320 plots of profile
pa ramet er :synoptlc parameter , the exact number varying s l ig h t ly  :v:th th e
availability ~of archived f ie lds . )

A11 fIgures are giver , at the  end -of Section 5 . 3 .

— 5 3 —
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Apa~ fro m the synoptic parameter represented a long the absc issa ,
aU scatterg rams In Section 6 are similar In concept to FIg . 25.

As wi l l  be demonstrated , the sca t t er or ams pr e sented ocr.ta:n s :cn i f ioant
tn:crnia:tcn . Thi s wi l l  be pointed out :n a s sc ct a t t o n  wt th  the sca :t er :r am
which ts most apposi te , not necessart lv the firs t scatter ;ra m to reveal such
informa tion.

Figures 25 through 30 contaIn all  available data and thus the percentage
frequency of occurrence of trapping should be about 30% (see Table 3) .
Figure 25 shows that the SD 1000 height has little effect on t r apping frequency
unless the anomaly is less than about —060 meters (about 1. 7~’~ ci the cases) ,
in which case the trapping probability is zero (based on available da ta ) .
Figure 26 show s a similar r esult  for the SD 500 height . In this case however ,
anomalies of -060 meters or less occurred on 7 .8% of the occa s ions , with a
trapping probability of only 6%.

Figure 27 shows the scattergra rn for the SL 1000 height anomaly.  Note
in this case the marked tendency f-or the trapp ing probabili ty to increase with
SL 1000 height.  This effect  is part icularly pronounced on P’ig . 2 3--the
scattergram of 2 :

— S 4—
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Figure 28 may be used to i l lustrate th e probability distr ibut ion -of
2 values within height anomaly ranges .  Table S shows this distribution , 3

obtained by n ormal iz i ng  the data within each height  a n o m a l y  range to 100% .

Figure ~~ and able 3 show there is a positive correlation between
the value of D (a nd hence trapp ing probability ) and the SL 00 h eight .

Figures 29 and 30 show similar scatt ergrams for the 3V 1000 and
SV5~~ height anomaly fields respectively . Note the very marked effect
(Fig . 30) of high SV500 values on the probability of trapping . However ,

because the 
~~~~~ field is always very zonal , a s imilar distribution would

be obtained If a scattergra m of D:latltud e were to be plotted . To determine
whether or not the probability of trapp ing increases with SV _ 00 height
independently of latitude requires a sufficiently large data sample obtaIned

3The effect of the use of a scaling height , H~ , to form a continuous
measure of refractive conditions (see Section 2 . 3) is apparent ~on all
scattergra rn s giving, in genera l , th e fo llowing type of distribution:

—ye D 3  ~ve Valu e of D

The points A and B could be made coincident (thus giving a more
conventional appearance to the distribut ion) by re—ca lculating S and 2 va lues
(positive values only) using a smaller value of H~~. Howev er , sinc e the m ain
Interest lies in determining whether or not trapping exists  ( i . e . ,  2 po sit ive
or negative) and this determination is not affected by H~ , po sitIve S and 2
values have not been re-assessed. This should be born e in mind when
studying the scat tergrams and derIved tables such as Table 5 .

—~~)—
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Table 5

The percentage frequency of occurrence distribution
of the D parameter within selected ranges

of the SL 500 height  anoma ly

Range of 
— 

Range of SL500 Height Anomaly
Pa~~meter D -180 to -120 ~ -060 ~~~ 000 to ~~060 to ~~120 to ~ 180 to ~240

~1.75
to 0 .2

+1 .50
to 0 .2  0 .4  0 .4

‘1.25

to 0 .3  0 .9  1.2 0 .2  1.2

+1.00
to 0.1 2. 7 2 . 8  3 .1

+0 . 75

to 0.8 2 .9  5. 7 5 .4  1.2

+0 .50
to 0 .4  2 . 4  8 .0  10.4 11.3 1S.0

+0 .25

to 5.5 9.5 14.9 17 .5 19 .2 2 4 . 1

0. 00

to 7 .7 4 .5  5. 7 8 .9  10.1 9 .6  16.

— 0 .25

to 7 .7 6 .3  9. 7 13.0 2 . 7 1~~~ 9 . 5

—0.50

to ——— 10.5 16. 7 15.8 14.5 16.5 10.8

— 0 . 7 5

to 26 . 9  28 .2  2 5 . 9 19 .6 15.9 1 2 . 6  14.5

—1. 00
to 57 .7 4 5 . 0  2 9 . 3  13.0 3 .5  3.7 1.2

— 1 . 2 5

—
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at a fixed location-—such as a weather ship . The obsez-vatiort s in Zone 1
almost fulfill this requirement as can be seen from the geographical distributIon
of obseriation shown in FIg . 1. FIgures 31 and 32 show , for Zone 1 , the
deoendence of 2 on the 3V 1000 height anomaly and the SV~~0 hetcht anomaly
respectively . There is clearly a positive correlation between the value ci 2
and these two synoptic parameters which is independent of latitude. Note
also the bimodal distribution on Fig. 32 , preferred ranges of the SV500 height
anomaly being +080 to + 160 meters , and +240 to ‘-320 meters . This is a
seasonal effect , also apparent on Fig . 17 .

Figures 33 through 36 provide a comparison between the two extreme
zones-—Zone 1 and Zone 5--on the SL ra nge—of— scale.  Figure 33 shows a
small decrease of trapping probability with increasing height in Zone 1.
However , with the population being unevenly separated into only 3 ranges -

of SI. heigh t , this result is probably not statistically significant . Figures
34—3 6 show an increase In trapping probability with increasing St height ,
the effect being more pronounced In Zone 1 than Zone 5,  and more pronounced —

at 500mb than at 1000mb .

6 .3 .2  The Dependence of Parameter D on Wind Soeed and Direction

FIgure s 37 through 40 show D:wthd speed in knots at 1000mb and
500mb for Zones 1-3 and for Zones 3-S. The genera l trend is shown by the
percentage frequencies of occurrence along the abscissa--as tvir.d s become
lighter , the probability of trapping increases , the effect being more pronounced
at the 300—mb level than at the 1000— mb level , and more prcncunced in Zone 1
than Zone 5.

The final four scattergrams , FIgs . 41 through 45 , show D:wlnd
direction in degrees at 1000mb and 5 00mb for Zone 1 arid for Zone 5. There
are clearly w ind directions which are associated with higher trapping
pro babilities than are other directions , the effect once again being m&o r e

— 0 ’ —
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.

~
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pro nounced at the 500-mb level than at the 1000—mb level , and more
pronounced in Zone 1 than Zone 5.

From FIg . 42 ~t ~s int ere st ing to note that  the 5~ 0— m 5 w~rtd blcw s fr o m

3-9 O~ — Z7-3 ~ ~th~cugh south) for 33% ci the obser ;at~-cr.s w:th an asscc~ated
trapping probability of 53~~, whereas the 500—mb ;vind blows fr om 27~~ -090~
(through north) for only 17% of the observations yet has an associated trapping

probability of 76%.

1~
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Figure 27. Scattergram of the D Parameter against  the SL Height Anom aly
in Met ers a t 1000mb for Zones 1—S.
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Degrees at 1000mb for Zone 1.
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~~4 ~~~~u ss ion  of ~esu~ts

The scat:er~ r~~-s n i  de r iv~— L~ 3 t1s~~~~ ~~t-~~&~nted in Sect ion  ts 3

~~~~~~~~~~~~~~ • . . ~~~~3 t - ~~ ‘ 3 t 3 ~ or . - : a~~ o . .  ~~~~ t\~-een r~ t~ac-t:\ -c’ s t r~1c-tu1 -e ~in~
the prey ~ nc va lu es  of syno pt i c  p ar ameters  - Scatt ercrams of th e type
shown may be used to 1ietermlne not only the probabili ty of t r app inc to be
associated w~th a selected synopti c  p arameter , ~ ut also the probablitty of
occurrence of any desIred range 0! the in t en si ty  of refr action . The
pr obab iI~ty of occurrence of a selected range of 3= may be determined in
relati on to -i chosen syno -~ tic par ameter by us inc the number s of occurrences
prInt ed on ~he appr opri ate  sc3:t ergr am. 4

rt should be noted that the scattergrams ~~tv en in Section 6 . 3
represent only a select ion of the arc e number prepared during the course
of this invest~cation . The results shown were chosen to demonstrate that
refractive structure does indeed depend or. the synoptic situation (as
represented by values of synopt ic par ameters)  and that the dependency is
capable of s tat is t ica l  repres entati on. C~f course , the re l at ionships
dem on strated are not independent r e l a t i o n s h i p s — — f o r examp le , low wind
speeds arc of ten assoc iated with ant icyc lonic  condit ions refle ct ing , in
turn , h~~h values of SL he igh t .  Thus , for Zone 1 . a l though a SL 00 h e io h t
anomaly  -of +1 20 ~ 190 meters is associated wi th  a trappin g pro bab i l i t y  c-f

~~~ ~‘ic. 34 1 , a 50 0— m b wind speed of 0 15 knots  ~s associated wi th  a
trappi ng p r ob ab i t t tv  of 5S’~ Fig.  38)~~ and a 50 0 — mb wind dir ect ion of

3 15 U~ ~s associated w~:h a trappin g prcba bil~ty of ~5-’~- J i .  4 2 1 these

4 For oper ~ z i on~~ use these pr obabi l I t i e s  could  be pre sent ed in th e
f orm of h i s t o c t - a m s  or t a b l e s  such -is T~ible  5

‘ r t~ ure 3S sho~-s ~he w i n d  speed re lat  ~on s h t p  for ion es  1— 3 .

_
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:o~obabi -~t~es canno t  be u sed to de t e rnm e  the proba b~ht v -~~~ t r app~n~ I t  a l l
three co n d i t tons  ~re sat~sf ied  s :mu l t an eou s lv .

S:at~ st ~c~~ :- ~:I ~~~ ues oou~~ be app l i e d  -~et erm~:’e th e art-:- t~n~ o~
oovar iance exp la~ned by each synoptic  p ar ameter .  t h t s  r espect :t ~s

l ik e ly  that svncptic parameters associated w:th a tmc spher ~c levels nearer
to the mean trapp inc height  would show a stronger r e l a t i o n s h i p — — t h e  S50— mb

lev e l for example . The stronger correlations found in one 1 compared with

more northerly zones ref lect , of course,  the greater space and time
var i ab i l I ty  of synoptic condi t ions  assoc iated w ith  increasin c la t itudes ;

~t t s l ikely that more ccvarlance would be expl a:n ed in t erms of sma l l - sca le
disturbances in the h i z h e r  lat i tudes.
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7 1 CONCLI.~SIONS AND RECOMMEN DATIONS

Sect~cn 6 establishes that th e refractive stru ctur e at a civen ~o!n: is
re lat ed to the values of concurrent synoptic parameters a: the same location .
Section 5 indicates that , within the limitations of the refra ctive data base
and the resolution capabilit ies of the ana lys is technique s , there is no marked
relation ship between refractive structure and the Prevailing synopt ic—sca1~pattern . However the synoptic pattern (s) representing a synoptic situation
are essentially isopleths (or gridded fields) of the same synoptic parameters; 

- - 

-

it must be concluded that the space and time variability of refractive structure
is too great to be captured within the imposed limitations it is possible
that a long time— series of refractive profiles and concurrent analyses at ,
say, 6—hourly intervals would allow a relationship to be established .
However , it would seem that the best approach at this stage would be to
investigate more thoroughly the relationships between refractive structure
and synoptic parameters , applying statistical techniques to radlosonde
observations . Such an investigation should utilize the full range of synoptic
parameters observed and reported by the radiosond e ascent— —not the values
derived from analyzed fields. In this way , for example , all reported levels
arid their associated synoptic parameters could be considered with regard to
their contribution toward determining the refractive structure which existed
at the time the ascent was made . Having determined the most significant
synoptic parameters , quant itative estimates in probabili stic terms could be
made for the refractive structure at a location given the actua l (or forecast)
values of these parameters .

— 8 1 —

U 

~~~~~~~~~~~~~~~~~ 
--



S . REFER ~ NCCS

r I’ Kalinv ak , Paul P . ,  1977; “~~eve l o- rm e~ . of a Svno~ :~~ 0 i ~~a:ol~~~- of
~ropospher~c ~ e:rac:1;re L ond~:1cis :or :n~ ~aszern Pac~:~cOcean off the West Coast of the Un ited St a t e s , Tasks Oneand Two ” , Final Report (Contract N 0O22 g_ 76 . . c_ 3~ 3Q Nava lEnvironment al Predj ctj o~ Res earch Facility ) , Meteor ologyInternational Incorporated Monterey , Californi a 174 pp .

r 2 )  Holl , Manfred M . ,  1963; “Scale_and _ patt ern Spectra and
Decomposit ion5 ” Technical Memor andum Nc . 3 (ContractN22 8-(622 71) 505 50) , Meteorology internationa l IncorporatedMonterey , California 28 pp .

r 3 1  Caton , Francis G. et a l . ,  1977; “Technical Description of the RapidAnalogue Selection System including Regiona1j~~~ Capabi litiesApplied to the Mediterranean Sea ” , Fina l Report (ContractN 0 0 2 2 8 _ 7 6 _ C_ 3 1 8 9  Nava l Environmental Prediction ResearchFacility) , Meteorology International Incorporated Monterey,California , 164 pp .

C 4 ]  ~~r Minj st~~ , Meteoroj ogj~~~ Office , 1962; “Weather in the
Mediterranean ” Loridori , Her Maj es ty ’ s Statj onerv Office ,Vol . I , 362 p p . ,  Vol. II , 372 pp .

Palmen , E. and C. \~~. Ne~~ o~~, 1969; “Atmosph er i c Circul at ionSystems ” Academic Press , New York , New York , 603 pp .
Byers , H. R., 1959; “Genera l Meteorology ” Mc Gr a\% - _

~~ll~ BookCompany, Inc . , New York , New York , Th ir d Ed~:ion , 5 4 0 pp .

-82-

-~~~~1t~~~~~~~~



- - - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C l ]  Neiburger , M. et al .,  1961; “ Studies of the Structure of the Structure
of the Atmosphere over the Eastern Pac ific Ocea n in Summer.
I . The Inversion over the Eastern North Pacific Ocean ” ,
University of California Press , Berkeley, California , 94 pp.

-83-

—--

~ 

_ _ _ _ _ _ _ _ _ _ _ _ _


